Tafenoquine for the radical cure and prevention of malaria: the importance of testing for G6PD deficiency Qualitative tests alone are not sufficient for safe prescribing of tafenoquine T he cure of patients with Plasmodium vivax malaria requires killing both the asexual stages of the parasites in the blood as well as the dormant liver stages (hypnozoites) -together known as radical cure. Until recently, primaquine was the only available hypnozoiticidal agent. However, in 2018, the Therapeutic Goods Administration in Australia and the Food and Drug Administration in the United States granted licences for tafenoquine for the radical cure of P. vivax malaria and for malaria chemoprophylaxis. Both primaquine and tafenoquine are 8-aminoquinoline antimalarial drugs that can cause severe haemolysis in individuals with glucose-6-phosphate dehydrogenase (G6PD) deficiency. 1,2 Primaquine is rapidly metabolised and eliminated from the body, with a half-life of 6 hours. 2 Radical cure of latent infection is achieved with daily administration, the total dose spread over 14 days to improve tolerability. In contrast, tafenoquine has a long elimination half-life (14 days) 3 and can be prescribed as a single-dose for radical cure of P. vivax, or as a convenient weekly regimen for the chemoprophylaxis of malaria. 4 Tafenoquine has been approved for both radical cure and antimalarial prophylaxis, although each indication has a different formulation. 5 For prophylaxis, tafenoquine is available in a 100 mg tablet (Kodatef [60 Degrees Pharmaceuticals]), and administered as a 3-day loading dose followed by weekly dosing thereafter (Box 1). For the radical cure of P. vivax, tafenoquine is available in a 150 mg tablet (Kozenis [GlaxoSmithKline]) as a single dose regimen (Box 1). The long elimination half-life of tafenoquine enables a pragmatic single dose regimen for radical cure, but it has potential to cause prolonged and severe haemolysis in vulnerable individuals. 6 G6PD deficiency is an X-linked genetic disorder and presents at a frequency of up to 30% in some populations. Over 180 different genotypes have been associated with varying degrees of enzyme deficiency. 7, 8 While hemizygous males and homozygous deficient females have activity below 30%, heterozygous females have intermediate activity between 30% and 70%, the extent of which is determined by lyonisation in embryonic development. 8 Lyonisation is the random cellular inactivation of one of the copies of the X chromosome, leading to variation in the number of transcriptionally active genes in the progeny of each of the embryonal cells.
National and international guidelines recommend that all patients should be assessed for G6PD deficiency before prescription of primaquine or tafenoquine. 9, 10 The diagnosis of G6PD deficiency can be made either using a test that provides a categorical assessment of deficiency (qualitative tests) or one that provides a continuous measure of enzyme activity (quantitative tests). The gold standard for the diagnosis of G6PD deficiency is a quantitative assay using spectrophotometry, although novel point-of-care devices for quantitative assessment have recently been validated and marketed. 11, 12 Qualitative tests include the fluorescent spot test and point-of-care rapid diagnostic tests (RDTs) using lateral flow technology, such as the CareStart G6PD RDT (Access Bio). While the qualitative tests require less laboratory resources and can diagnose severe G6PD deficiency (< 30% activity), they are unable to reliably identify female heterozygotes with deficiency in the intermediate range. 13 Primaquine can be prescribed to patients who are not severely G6PD-deficient (ie, those with ≥ 30% enzymatic activity), and can therefore be prescribed on the basis of a qualitative test result. 10 Individuals with enzymatic activity below 30% should not be prescribed the 14-day primaquine regimen. Since clinically relevant haemolysis can still occur in patients with intermediate G6PD deficiency (30% to < 70% activity), 8 prescribers should be aware of the risk of haemolysis in individuals with intermediate deficiency, and if this occurs, primaquine should be terminated early. Since tafenoquine is eliminated slowly, it can cause more prolonged exposure to oxidative stress that cannot be mitigated by drug cessation. Therefore, the recommended threshold of enzyme activity for tafenoquine prescription is more stringent, and females with intermediate G6PD activity (< 70% enzymatic activity) should be excluded based on the pivotal clinical studies performed for the licensing of tafenoquine for radical cure. [14] [15] [16] The approach to diagnosing G6PD deficiency varies slightly between diagnostic laboratories and this may cause confusion to prescribers regarding a patient's G6PD status. Of almost 140 diagnostic laboratories in Australia that offer screening for G6PD deficiency, the majority use a qualitative test first and usually only send samples for confirmation with a quantitative test if the qualitative test indicates deficiency. Laboratories using quantitative spectrophotometric assays currently report G6PD activity in international units per gram of haemoglobin, providing a reference range rather than presenting the percentage activity. Although the reference range for these quantitative tests varies with specific assays and laboratories, the lower limit of the normal range typically lies close to the upper threshold for intermediate G6PD activity (60-80%). Hence, tafenoquine can be prescribed safely to an individual with a quantitative result that demonstrates G6PD activity within the reference range (G6PD normal). While quantitative testing may not be available on-site at all clinical laboratories, in general, the initiation of an 8-aminoquinoline antimalarial drug is not urgent, since acute management of P. vivax malaria is achieved with a schizontocidal drug and radical cure can be prescribed later when the results of the quantitative assay are available. In malaria endemic regions, the requirement for a quantitative test currently prevents widespread diagnosis of G6PD deficiency at the more conservative threshold required for prescribing tafenoquine. It is hoped that the recent availability of novel quantitative point of care tests will facilitate greater access to the drug. Clinicians also need to be aware that tafenoquine is contraindicated, or not yet recommended, in children (Kozenis is licensed for radical cure in patients aged ≥ 16 years and Kodatef is licensed for chemoprophylaxis in patients aged ≥ 18 years), and in pregnant and breastfeeding women.
Tafenoquine has been shown to be non-inferior to low dose primaquine regimens (15 mg daily or about 0.25 mg/kg/day for 14 days) for radical cure of P. vivax in multicentre randomised controlled trials. 15, 16 It should be noted that these trials did not account for reduced adherence and effectiveness of a prolonged primaquine regimen under programmatic conditions and did not compare tafenoquine with high dose primaquine regimens (eg, 0.5 mg/kg/day for 14 days), which are recommended in East Asia and Oceania. 10 Safety profiles for tafenoquine and primaquine were similar in these studies, when treatment was restricted to patients with normal G6PD activity (≥ 70%). 15, 16 In summary, the registration of tafenoquine represents an important advance for radical cure of malaria due to its convenient dosing, and adds an additional weekly option for malaria chemoprophylaxis. However, before prescribing the drug, clinicians need to request a quantitative G6PD test to exclude patients with either severe or intermediate enzyme activity (Box 2). New point-of-care tests are now available and likely to be marketed within Australia in the near future, allowing the rapid identification of individuals with intermediate or severe G6PD deficiency. In the meantime, laboratories should state the methodology by which G6PD deficiency was assessed and refer to a reference laboratory for definitive diagnosis if quantitative testing is unavailable locally. 
